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SPECIFICATION 



Title of Invention 

A semiconductor device and the manuf acturing method thereof 

What is claimed: 

1. A semiconductor device wherein at least a part of the 
channel formation region of a insulated gate type field effect 
transistor is formed by non-single crystal semiconductor, and an 
inert gas such as hydrogen, helium, or neon, or a halogenide 
such as chlorine at a concentration of 0.1 mole% or more is 
added to said semiconductor. 

2. The semiconductor device of claim 1 wherein a non-single 
crystal semiconductor layer is formed over the insulator formed 
on the substrate. 

3. The production method of a semiconductor device wherein a 
semiconductor substrate, or a semiconductor device formed on a 
semiconductor substrate is held under the ambient of an induc- 
tively excited inert gas or halogenide such as chlorine kept at 
a pressure of 1 x 10-2mmHg or more, and to perform induction 
curing. 

Detailed Description of the present Invention 

The present invention relates to a semiconductor device having 
non-single crystal semiconductor at least partially, and the 
manufacturing method thereof. 



The present invention relates to an insulated gate type field 
effect transistor (hereinafter referred to as MIS-FET) wherein a 
non-single crystal semiconductor. such as amorphous or 
polycrystal. constitutes at least a part of the channel forma- 
tion region under the gate insulator, and an inert gas such as 
hydrogen, helium, or neon, or a halogenide such as chlorine at a 
concentration of 0.1 mole% or more is added. The object of the 
present invention is to neutralize and eliminate the recombina- 
tion centers of dangling bonds reside in the non-crystal semi- 
conductor region, by foregoing method. 

It is also purposed to set the mobility of electrons and holes 
to the same level of, or almost the same level as that of single 
crystal semiconductors. 

The present invention aims to be able to form the second MIS- 
FET on or on the upper iayer of; a semiconductor substrate which 
has a MIS-FET, a capacitor, and a resistor or a diode formed on 
it, a substrate which has an insulator formed on it, or a subr 
strate which has the first MIS-FET formed on it. 

The present invention relates to a semiconductor manufacturing 
method wherein an inert gas such as hydrogen (including deuteri- 
um) , helium, or neon, or a halogenide such as chlorine kept in 
the ambient air at a pressure of 10-2 mmHg or more, and the 
ambient gas thereof is activated by high-frequency or micro-wave 
energy to be add to a non-single crystal semiconductor device 
having P or N conductivity type and a impurity at a concentra- 
tion of 2 x 10i9cm-3 or less, for example, 10" to 10"cm-3. 

The semiconductor device manufacturing known heretofore merely 
composes and integrates MIS-FET or bipolar transistors, capaci- 
tors, resistors and diodes onto a single crystal semiconductor 
substrate. 

Therefore, an active element as a MIS-FET or a transistor, is 
always formed on a single crystal substrate. Especially, for 
the channel region of a MIS-FET, and the base and the collector 
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of a bipolar transistor, single crystal semiconductors with 
sufficiently small concentration of recombination centers for 
carriers, electrons and holes, are used, since the lifetime of 
the carriers delicately affects said regions. Also, lattice 
defects or other lattice incommensurability and recombination 
centers by dangling bonds are the main factors of the soft 
breakdown or leak increase in reverse breakdown voltage at a PN 
junction. 

The semiconductor device of the present invention was realized 
by enabling a reduction of the concentration of the recombina- 
tion centers not in a single crystal semiconductor, but in a 
non-single crystal semiconductor (polycrystal or amorphous) to a 

small enough level. 

In general, to form a semiconductor device, various ranges of 
temperatures are required. For example, in manufacturing a 
silicon semiconductor, impurity diffusion process at 900 to 1200 
"C, aluminum contact alloy process at 400 to 550*C, and thin 
film formation process by gas phase method (low-pressure CVD) 
for silicon oxide, silicon nitride and silicon at 350 to 900*C 
are required. The present invention is characterized as a 
method adopting a process wherein an inert gas such as hydrogen, 
helium or neon, or a halogenide such as chlorine, in a chemical- 
ly activated state, or an atomic state, is applied to a finished 
or partially finished substrate which has gone through all, or a 
part of the foregoing processes. In the present invention, such 
doping process is also called in a generic term, "induction 
curing". The advantage of the present invention resides in the 
fact that it electrically neutralizes a semiconductor, especial- 
ly a non-single crystal semiconductor by the processes; applying 
high-frequency energy or micro-wave energy to inductively excite 
hydrogen elements (including deuterium) to make them chemically 
active, and leaving a semiconductor for 5 minutes to 2 hours in 
that atmosphere at a pressure of 10-2mmHg or more, so that the 
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hydrogen elements are linked with the dangling bonds in the 
semiconductor, and also assist in making covalent bonds. 

The following is the explanation of the present invention ia 
accordance with its embodiment. 

Fig. 1 is a cross-section of a MIS type field effect semicon- 
ductor . 

The present invention was realized by the processes; forming a 
thin film of silicon oxide or silicon nitride in a thickness of 
200 A to 200 fi , and implanting oxygen or nitrogen ions to the 
silicon substrate (1) surface by ion implantation at 150 to 
300KeV. Said substrate is annealed for 10 to 30 minutes at 900 
to 1100 X, under a low-pressure or hydrogen atmosphere. Over this 
substrate, a silicon film is formed through low-pressure gas 
phase method in which silane (SiH 4 ) . dichlorosilane (SiH 2 Cl 2 ) , and 
other silicide are made into a reaction gas at a pressure of 0.1 
to 10TORR (mmHg) and at a temperature of 500 to 900*0. For a 
heating source, RF induction of 1 to 10MHz is used, however, it 
can be substituted by resistance heating. This semiconductor 
film formation by low-pressure gas phase method was performed in 
accordance with Japanese patent pub. No. 51-1389. Of course it 
can be substituted by glow discharge method at a temperature of 
room to 500*0, or sputtering method. 

By aforementioned processes, a silicon semiconductor film is 
formed in a thickness of 0.1 to 2fi . This film surface is a 
polycrystal when the insulating layer (2) is pure Si0 2 or SiN 4 , 
though it has an epitaxial structure partially containing non- 
single crystal when the volume of oxygen or nitrogen contained 
in the insulating layer is at 10" to 10»cm-J. However, the 
semiconductor film formed in this embodiment indicated a sub- 
stantial epitaxial structure. It is very important to try 
reducing recombination centers to make the semiconductor as 
close to a complete crystal as possible. 
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The object of the present invention is to eliminate the recom- 
bination centers from a semiconductor film which holds a large 
concentration of recombination centers by inductive electric 
energy . 

A field insulator (3) is formed in a thickness of 1 to 2^ in 
accordance with Japanese patents (pub. No. 52-20312 and No. 50- 
37500) invented by the present inventor. After this process, a 
100 to 1000A thick gate insulating film (12). and if necessary, 
a contact (7) of the silicon semiconductor, then a gate elec- 
trode (11) by self -align method and a semiconductor film by low- 
pressure CVD method are formed respectively. 

In addition, an overcoat (10) of Si0 2 film in a thickness of 
0.5 to 2fi is formed. To make the surface of this film flat, 
PIQ etc. can be also used instead of Si0 2 film. A hole (8) for 
aluminum electrode is made, and an aluminum electrode and a lead 
(8) are formed. When the channel formation region (4) is a P- 
type, phosphorus and arsenic impurities are used in formation of 
a source (5) and a drain (6) to make them N-type of 10" to 
102icm-3. For the gate electrode material, a metal such as 
molybdate or tungsten can be also used. Also, phosphorus impu- 
rity at a concentration of 10i9cm-3 or more cab be added to make 
it a low-resistance semiconductor lead. When this impurity 
concentration was at 10»cm-3 or more, especially at 102icm-3, the 
neutralization effect by the electric energy was not observed. 
On the other hand, the concentration of impurity in the channel 
formation region was as low as 10" to 10"cnr>. and was very 
sensitive. 

It was widely known that carriers, electrons and holes, in an 
single crystal usually have structure-sensitivity. However, the 
present invention discovered that the structure-sensitivity is 
resulted by not the crystal structure, but the reaction of the 
recombination centers reside in it. The present invention aimed 
to neutralize and eliminate these recombination centers which 
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gives this sensitivity to carriers. To realize that, the pres- 
ent invention adopted a process adding 0.1 mole%. typically 5 to 
20 mole%. of hydrogen or helium. When hydrogen was added to the 
completed fig.l (A) device, the lifetime of the carriers in- 
creased by 103 to 10* times. A C-V diode indicated the order of 
Q ss - 10iocm-2 which is almost the same C-V characteristic as the 
theory. The following is the method used for chemical excita- 
tion of an inert gas such as hydrogen or helium, or a halogenide 
such as chlorine. The apparatus is arranged in the way as such; 
a lateral type quartz tube having diameter of 5 to 20cm, typi- 
cally 15 cm and length of 2m surrounded by RF induction furnac- 
es, and a copper pipe coiled over them for water cooling pur- 
pose. The frequency used was 1 to 20MHz. An resistance heating 
furnace was placed the outside, and a heating element was ar- 
ranged as to face vertically to the electromagnetic wave from 
the induction furnaces. The RF furnaces of 30 to 100KW were 
used. 5 to 55 pieces of the fig.l (A) substrates, for example, 
silicon substrates (diameter of 10cm) standing on a port were 
loaded into the reaction tube. The ambient pressure was reduced 
down to 10-3mmHg. Hydrogen was applied into the tube, then the 
pressure was brought back up to the normal level. The tube was 
vacuumed once again to 10-2 to 10-3mmHg, then set at 10-i to 
lOmmHg. While a reaction element, hydrogen or helium was being 
applied continuously from one end, the tube was being vacuumed 
continuously from the other end by a rotary pump etc. 

After heating the substrates to 300 to 500 S by the resistance 
heating furnace, voltage excitation was applied to the induction 
furnaces to perform doping. When current excitation was per- 
formed, it was found to be unfavorable by an observation that it 
heated only the metal walls or metallic parts of the substrates. 
Therefore, voltage excitation was adopted for activating the 
reaction gas. Moreover, when the temperature is 30013 or more, 
hydrogen atoms or helium atoms can move freely in a solid body 



as they are interstitial atoms. Therefore, the atoms could be 
doped to the concentration of a sufficiently equilibrium state. 

After the doping, the ambient temperature was reduced down to 
the room temperature. In the m an time, the excitation of the 
reaction gas was continuously being performed. More precisely, 
heating ♦ excitation were performed for 5 to 60 minutes, typi- 
cally for 30 minutes, then excitation at the room temperature 
was performed for 5 to 60 minutes, typically for 15 minutes. 
When materials that are easy to melt or easy to be alloyed at a 
relatively low temperature such as aluminum, are used, the 
maximum heating temperature is set at 500t: . A higher heating 
temperature (600 to 1000 V) may be used when such materials are 
not used. However it is important to acknowledge that hydrogen 
and helium atoms etc. are easy to be desorbed from the atoms in 
a semiconductor, and freed as H 2 or H 3 in a temperature from 300 
to 500r. Therefore, in conducting induction curing at high 
temperature, it is necessary to continue applying electric 
energy even after the temperature is reduced to the room temper- 
ature. Moreover, the pressure inside the reaction tube is 
preferred to be as high as glow discharge, RF induction excita- 
tion, and induction curing processes allows. 

Therefore, the present invention adopted the pressure at 
O.OlmmHg or more, typically 0.1 to lOOmmHg for doping more than 
0.1 mole%, even though the effectiveness of the present inven- 
tion has been observed in an experiment under a pressure of 10« 
to lO-SmmHg. Of course RF induction can be done in a room 
temperature. At O.OOlmmHg or less, it indicated an effective- 
ness in neutralizing the recombination centers of a low concen- 
tration in a single crystal. However, it experimentally re- 
quired more than one hour of curing. 

The frequency shall be microwaves. Especially a frequency 
between 50 to 1000MHz was found to be greatly effective and 
favorable even under an atmospheric pressure. In this case, use 



7 



of a waveguide as a reaction tube is preferable. Since the size 
of the waveguide is determined when TEM mode is made, it is 
better to perform the process by radiating microwaves into the 
curing oven like it is done in a microwave oven. The pressure 
in the reaction tube can be increased or decreased during induc- 
tion curing. At a high temperature, a large amount of additives 
can be doped into a semiconductor because the equilibrium state 
between the gas and solid of the semiconductor is large. There- 
fore, an rapid cool-down while performing induction curing was 
more' effective compare to a gradual cooling. For example, rapid 
cooling of 900^ substrates down to a room temperature allows 
the concentration of dopants to be 3 to 10 times of the concen- 
tration obtained by a gradual cooling. The reaction gas can be 
hydrogen only, or helium only. However, it is more preferable 
to perform an excitation initially by helium and later by hydro- 
gen. Because hydrogen has a characteristic to be tied with 
dangling bonds, on the other hand, helium has a characteristic 
to promote unstable dangling bonds to connect each other. Neon 
in an excited state had a semi-stability 10 to 10< times of that 
of helium, and enabled to obtain a large curing effect. More 
precisely, curing with helium was performed for 5 to 15 minutes 
at 0.1 to lOOmmHg, typically at lOmmHg, then curing with hydro- 
gen was performed for 5 to 15 minutes at 0.01 to lOmmHg. typi- 
cally at O.lmmHg. Practically, 100% hydrogen or hydrogen mixed 
with 5 to 30% of helium or neon was used as the excitation gas. 

The embodiment of the present invention was applied to devices 
such as fig.l semiconductor device. The volume of said excita- 
tion gas was determined by Auger spectroscopy or gas chromatog- 
raphy wherein the excitation gas is doped to a semiconductor, 
the semiconductor is heated under vacuum to let it release the 
gas, and the volume of the gas is measured. It was found that 
the excitation gas was applied 0.1 mole%. typically 1 to 20 
mole%. Of course it is more favorable to add 20 mole% or more, 
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30 to 200 mole% or more, and 30 to 200 mole%. However, a ten- 
dency of saturation was observed in general. 

Needless to say that the present invention method can be 
applied not only to non-single crystal semiconductors, but also 
to single crystal semiconductors. However, the effectiveness of 
the method was more obvious in non-single crystal semiconduc- 
tors. In the following embodiment of the present invention, the 
same induction curing method was used. 

Fig.l (B) is an embodiment of SOS (Silicon-On-Sapphire) . The 
figure shows a 0.02 to 2 y. thick semiconductor formed by 
epitaxial growth on an alumina, sapphire or spinel substrate, a 
field insulator (3) where a source (5) and a drain (6) are 
buried, a semiconductor direct contact (7), a self-align gate 
electrode (12), and a CVD Si0 2 film (10). In this case, the 
alumina component of the substrate and semiconductor (9) are 
connected, and the region indicates non-single crystal state. 
Due to this, the formations of the source and the drain were 
abnormally diffused. Therefore, even if the semiconductor film 
of 0.01 to 0.3// could be obtained, the device was not practi- 
cally usable. However, if the excitation process is performed 
on a finished or an almost finished semiconductor device, the 
recombination centers of the incomplete layer (9) is reduced 
down to 1/100 to 1/10000 of the concentration before the pro- 
cess, and the device can be handled as a single crystal. 

This excitation process is greatly effective in neutraliz- 
ing the interface state between a semiconductor substrate and a 
gate insulating film, or dangling bonds in a gate insulator, 
therefore, is very preferable method to improve MIS-FET manufac- 
turing. 

Fig. 2 is an embodiment of the present invention. 

The method of Fig. 2 attempts to manufacture a highly concen- 
trated integrated circuit (LSI, VLSI) having a concentration of 
2 to 4 times of that of conventional devices by providing the 
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second MIS-FET on. or on an upper layer of, the first MIS-FET. 
The following is the explanation in accordance with the fig- 



ure. 



e . . - 

in fig. 2 «»>• ^ instating HI. (21 such as silicon cx.de in 
a thickness o£ 0.1 to 2„ is termed cn the semiconductor sub- 

strate (1) . 

in this case, the substrate does not necessarily be a semicon- 
ductor. If it satisfies the conditions on the thermal conduc- 
tivity and processing etc. in a practical thermal processes, xt 
can be an insulator. In this experiment, polycrystal silicon is 
used. The insulating film (7) is formed by oxidation of the 
substrate (1) - 

over said surface, a semiconductor silicon film is formed in a 
thickness of 0.1 to 2, by low-pressure CVD method. The field 
insulator O, is formed in this P-type semiconductor layer which 
has an impurity concentration of 10" to 10"cm-3. by selects 
oxidation using double masks of silicon nitride and silicon 
oxide. Etching of said field insulator to approximately the 
same level as the semiconductor layer surface, and removing o a 
part of the semiconductor layer before silicidation. are also 
acceptable. 

The gate insulating film (12) is formed in a thickness of 100 
„ 1000A on the surface. This gate insulating film can be a 
thermally oxidized film formed by oxidation of the semiconductor 
layer, a film having double layered structure with oxide, phos- 
phine glass, alumina and silicon nitride, or a non-volatile 
memory forming clusters or films by semiconductors or meta s 
After this, the second semiconductor layer in a thickness of 0.1 
to 2, is formed on the surface, and removed selectively. In 
this figure, a part of said layer is forming the gate electrode 
(U) . and the other part is forming the source (25.. the dra.n 
„«, and the channel region of the second MIS-FET. The source 
,5, and the drain (6. of the first MIS-FET are formed by >on 
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^plantation utilizing the cat* electrode (11) as a masx. Of 
course therma! diffusion can be used instead. As the figure 
indicates, the gate electrode (111 is connected to the source 
, 15) of the second MIS-FET via field insulator (3) which is not 

indicated in the figure. 

Af ter forming the third semiconductor layer (21. . the source 
and the drain of the second MIS-FET are formed by ion planta- 
tion or thermal diffusion utilizing the gate electrode ,21) and 
the gate insulator (22). The figure indicates the second MIS- 
FET provided in the diagonally upper position from where the 
first MIS-FET is provided. However, the arrangement, the sxzes. 
and the wiring of MIS-FET can be determined by the designer's 
own preference. As the figure (B, indicates, a resistor and a 
capacitor can be formed at the same time, on the same substrate, 
and also a diode such as a protection diode can be formed. 

The fig.2 (B) shows a F-channel or a 4-channel MIS-FET com- 
prising; the field insulator (3) in a thickness of 0.5 to a, 
formed by selective oxidation on the single crystal semiconduc- 
tor substrate (1). the gate electrodes (ID (ll"). the source 
,4), the drain (31). and the drain ,5) doped with phosphorus or 
boron at a concentration of 10» to 10"cm-=. It is an example of 
an inverter wherein the impurity region ,31, is utilized as the 
drain of one MIS-FET, and also as the source of another MIS-FET. 
The insulating film (10) for overcoating purpose is formed at a 
thickness of 0.5 to 2„ . «hen this surface is flat, precision 
processing can be applied to the third MIS-FET which is to be 
formed on this surface. Over said surface, a non-single crystal 
semiconductor layer is formed in a thickness of 0.2 to 2, . The 
purity concentration of this layer shall be at l.» to iO^cm-, 
to make it a F-type. and the channel region ,29, is retired to 
work sufficiently as a channe! during operation. 
crystal resistor (37, is connected to the source of the third 
MIS-FET and to the lead ,38, by photo masking. The draxn (27, 
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is connected to the electrode (34) under the capacitor. The 
gate insulating film on this surface is an insulator to the 
capacitor, and at the same time, a gate insulator of the third 
MIS-FET. On this film, the gate electrode (21) and the upper 
electrode (36) of the capacitor are formed. In this experiment, 
aluminum is used as the material for this formation. 

The substrate electrode of the third MIS-FET is connected to 
the gate electrode of the first MIS-FET so that substrate bias 
is applied, and the gate electrode (11) is substantially able 
to control the channel states of the both MIS-FET. If a gate 
insulator is formed between the channel region (29) and the gate 
electrode (11), of course the third MIS-FET has to have a double 
gate structure having gate electrodes at the above and the 
below. Of course, the upper gate electrode can be removed. 
That is, a distinctive characteristic of the present invention 
is to control two MIS-FET by a single gate electrode, and one 
MIS-FET by two gate electrodes. Moreover, not only a lead, but 
an active element like MIS-FET, or a resistor, a capacitor and a 
diode can be provided on a single substrate. In addition, if 
these elements are integrated, the density of the elements can 
achieve 2 to 10 times of the elements formation of the device 
indicated in fig.l. The present invention method would not be 
possible without the "induction curing" which is, not only able 
to eliminate recombination centers in a single crystal semicon- 
ductor, but also able to offset or neutralize the interface 
state resides in a polycrystal or amorphous semiconductor, an 
insulator, or an interface between a semiconductor and an insu- 
lator by an inert gas or hydrogen as explained by fig.l (A) and 
(B) . 

As in aforementioned explanation, forming silicon nitride 
overcoating films on the semiconductor devices of fig.l and 
fig. 2 by plasma method after the curing process is preferred. 
It is because the silicon nitride overcoating film confines the 
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hydrogen or helium atoms doped into the semiconductor device, 
and prevents them from getting out by its masking effect against 
those atoms: Therefore, along with sodium contamination preven r 
tion effect, it is greatly effective in improving ' the reliabili- 
ty. 

In the embodiments of the present invention mentioned here, 
silicon semiconductors are mainly referred to. However, the 
same result can be obtained in germanium semiconductors and also 
compound semiconductors as GaP, GaAs, GaAlAs, SiC and BP. 

In addition, the present invention is effective, not only in 
MIS-FET, but also in all semiconductor devices such as bipolar 
transistors or its integrated devices such IIL, SIT and LSI ICs. 

Brief Description of Figures 

Fig.l shows cross-sections of an embodiment of the present 

invention. 

Fig. 2 shows cross-sections of an embodiment of the present 
invention. 
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